Thymidine kinase-lines of mouse L cells incorporate thymidine exclusively into mitochondrial DNA. This fact permits assessment of labeled. mitochondrial DNA components in ethidium bromide-cesium chloride gradients. Contaminating nuclear DNA is unlabeled and need not be removed. Elimination of the DNase treatment of purified mitochondria reveals that the replicative forms that exhibit displacement replication up to full genome size are covalently-closed circularmolecules. Denaturation followed by brief renaturation of these larger replicating molecules produces closed-circular DNA with a deficiency of Watson-Crick turns, appearing as singlestrand loops. This result suggests that displacement replication proceeds with nicking and rapid closure of the covalently-closed circular template.
Thymidine kinase-lines of mouse L cells incorporate exogenous thymidine exclusively into the mitochondrial DNA (mtDNA) of the cells (1), and they contain thymidine kinase only in their mitochondria (Berk, A. J. & Clayton, D. A., submitted). These aspects of thymidine kinase-cells permit detection of thymidine-labeled mature mtDNA and replicative intermediates (2) (3) (4) in ethidium bromide-CsCl gradients in the presence of unlabeled nuclear DNA.
MATERIALS AND METHODS
Cells. The thymidine kinase-counterpart of LA9, LMTK-, and the thymidine kinase-derivative of the circular dimer containing line LD, LDTK-, were isolated by growth in increasing amounts of BrdU (5) . LMTK-has been used in earlier studies (1) . The LDTK-line is introduced here. The cells were grown as described (1) .
Preparation of mtDNA. Cells labeled with [3H]thymidine (0.5 ,Ci/ml, 3 Ci/mmol) were harvested in log phase at densities of 3 to 7 X 105/ml. Stationary phase is reached under these growth conditions at 1.3 X 106 cells per ml. The cells were washed with 30 volumes of reticulocyte standard buffer (RSB) (10 mM NaCl-1.5 mM MgCl2-10 mM Tris-HCl, pH 7.5) and then suspended in RSB at a ratio of 20 ml/0.5 ml of wet packed unswollen cells. Swelling was allowed to continue for 5 min, after which the cells were broken by' [7] [8] [9] [10] [11] [12] [13] [14] [15] passages in a Dounce homogenizer. 2.0 M sucrose in RSB was then added to bring the final concentration to 0.28 M, and nuclei were removed by centrifugation at 2500 rpm in a Sorvall GLC-1 for 5 min. Mitochondria were then purified by one-step (3) or two-step (1) sucrose gradients, collected from the interface of these gradients, suspended to 1 ml in 0.5 M NaCl-50 mM Tris-10 mM EDTA, pH 8.5, and lysed by addition of 1 ml of 2% sodium dodecyl sulfate dissolved in the same buffer warmed to 37°. There is no apparent difference in results obtained from the one-step or two-step sucrose gradients. Incubation at 370 for 3 min completed the lysis. Solid CsCl was added to a final density of 1.55 g/ml, and ethidium bromide was added to a final concentration of 350 ,ug/ml. The samples were centrifuged in a polyallomer tube in an SW50.1 rotor for 18 hr at 38,000 rpm at 200, after which the contents of the tube were poured into a second polyallomer tube. The volume was brought to 3.3 ml by addition of 4.5 M CsCl containing 350 ,ug/ml of ethidium bromide and the mixture was centrifuged at 30,000 rpm for 44 hr at 200. In some gradients, radioactive simian virus 40 (SV40) DNA was used as a position marker (gift from M. DePamphilis). The gradient was collected into 70-,u1 fractions and ethidium bromide was removed by dialysis against Dowex 50 resin in STE (0.1 M NaCl-10 mM EDTA-50 mM Tris, pH 8.5) as described (3) .
Early in this work we discovered a pronounced effect of the DNase/RNase treatment of the purified mitochondria used previously to remove contaminating nuclear DNA (2, 3) . Incubation of the purified mitochondria from LMTK-, LDTK-, or LA9 cells in the DNase/RNase buffer alone causes a loss of radioactivity from an equal quantity of mitochondria as well as a reduction in the ratio of the radioactivity of the lower and upper band (LMTK-, LDTK-). We have accordingly eliminated this step in the purification procedure.
Samples for Electron Microscopy were prepared and analyzed by the formamide modification (6) of the Kleinschmidt technique with the minor modifications described (2) . For this work, the subunits of catenated forms were scored as monomers (LMTK-) or circular dimers (LDTK-). Elimina (Fig. 1A) shows that about 40% of the tritium is in the upper band and represents mostly nuclear DNA contaminant, as judged by comparison with the corresponding profile for mtDNA isolated from the LMTK-line (Fig. 1B) (Exp-D DNA), which were absent at this position in the gradient in the previous study (2 In the previous study (2, 3) the large expanded D-loop molecules were in the upper band of such gradients. This probably resulted from the method of purification of mitochondria used in that study. Similar frequencies and partitioning of the replicative forms are observed in these three regions of the ethidium bromide-CsCl gradient for .mtDNA isolated from LA9 cells (Table 1) . With the exception of D-mtDNA, the frequencies and length distributions of the (Fig. 2D) . The distribution of tritium in the ethidium bromide-CsCl gradient of one preparation of LD mtDNA is presented in Fig. 2B . The large upper band is mainly nuclear DNA when compared with the corresponding distribution for the thymidine kinase-derivative, LDTK-( Fig. 2A) . The masses of upper band DNA estimated by UY fluorescence before collection were comparable. The lower and intermediate fractions [24-31] of the gradient containing LD mtDNA were examined by electron microscopy. Fraction 25 is the peak fraction of the lower band, and fraction 33 is the peak fraction of the upper band. The frequency of D-mtDNA decreases with decreasing density (Fig. 2C, from left to right) . Concomitant with this decrease in frequency of D-mtDNA there is an increased frequency of expanded D-loop molecules in these same fractions (Fig. 2C) . Fractions 24-26 contain expanded D-loop, but not gapped circular, molecules. These latter forms appear in fractions 27-31 of this gradient (Fig.  2C) as observed for monomer mtDNA (Table 1) . Furthermore, the frequency of expanded D-loop molecules with expansions <1 genome is maximum in fraction 28, while the frequency of such molecules with expansions >1 genome increases continuously from fraction 25-31 (Fig. 2C) . Thus, expanded D-loop molecules with small expansions possess greater densities than such molecules with large expansions. This result is similar to the observation that molecules of SV40 and kinetoplast DNA that are more fully replicated are found in lighter regions of an ethidium bromide-CsCl gradient (8-10). We thermally denatured and briefly renatured a portion of fraction 28 in the analyses of the gradient distribution of circular dimer replicative forms (Fig. 2) . Before denaturation, this sample contained 15% clean circular mtDNA, 5% gapped circular mtDNA, 44% D-mtDNA, and 37% expanded D-loop molecules with about equal frequencies of expansions <1 and >1 genome (Fig. 2C) . After denaturation-renaturation, the sample contained only two duplex forms, 62% clean circular DNA and 37%o of a new form for the 131 duplex molecules scored. This form (Fig. 3B, 0) Nicking-closing cycles in mtDNA in cells exposed to ethidium bromide are known to occur (12) . These conclusions derive from analysis of the disposition of these replicative forms in ethidium bromide-CsCl gradients and from the formation of DL-mtDNA after denaturation-renaturation of circular dimer expanded D-loop molecules. This aspect of mtDNA replication is similar to the mode of DNA synthesis for SV40 and kinetoplast DNA (8) (9) (10) . In the earlier study
